This paper provides a current view of the bryozoan diversity of the Mediterranean Sea updating the checklist by Rosso (2003) . Bryozoans presently living in the Mediterranean increase to 556 species, 212 genera and 93 families. Cheilostomes largely prevail (424 species, 159 genera and 64 families) followed by cyclostomes (75 species, 26 genera and 11 families) and ctenostomes (57 species, 27 genera and 18 families). Few families and genera make the bulk of this biodiversity whereas one third of families are monospecific. The number of species-rank taxa has increased by 81 in the last dozen years but most of these additions relate to the revision of material from old collections and to the introduction of non-indigenous species. Most of the bryozoan diversity is distributed in the coralligenous and dark and semi-dark cave biocoenoses followed by detritic bottoms. Diversity lowers in shallow-water vegetated bottoms and in bathyal habitats. A further increase in diversity is expected from investigation of still poorly known areas and habitats and the need for rapid assessment is remarked on in view of the management of Mediterranean habitats through the EU Marine Strategy Directive.
Introduction
"In knowledge of biodiversity lie both clues to our past and our best hopes for the future". This sentence from Wheeler et al. (2012) epitomizes the feeling of the participants in a discussion about the importance of assessing the present state of global species biodiversity. A comprehensive knowledge of biodiversity is especially relevant nowadays when sudden environmental changes, largely induced or exacerbated by human activities, pose a threat to habitats and the species living in them. Current European regulations include the protection of habitats in order to protect their biodiversity (Boero & Bonsdorff, 2007 ). An effort is needed to achieve a more comprehensive knowledge of the distribution of global biodiversity in order to understand its origin and evolution (through phylogeny), to protect it against climatic changes and deal with the ever-increasing introduction of non-indigenous species, as well as for recreational and other practical reasons (exploration for new substances, process understanding, etc.). Bryozoans are a target group to address many of the abovementioned points, as they are significant components of the fossil record because of their calcium carbonate skeletons, and a major component of biodiversity in the modern ocean from shallow-water habitats to the deep-sea. Some species may have roles in structuring habitats, some are the source of pharmacologically exploited compounds, and some develop large and colourful colonies attractive to scuba divers.
In this context, the present work aims to explore present-day Mediterranean bryozoan diversity. Since the last checklist of Rosso was published in 2003, an update and revisions are necessary because of the large number of taxonomic papers published, either introducing new species based on the study of museum collections as well as new sampling, or solving taxonomic puzzles.
Materials and Methods
The present compilation derives from the revision and updating of the Mediterranean bryozoan checklist of Rosso (2003) . New data come from: 1) a checklist of bryozoans from Italian Seas (Rosso et al., 2010a) ; 2) 'old' papers previously unavailable; 3) surveys including lists of bryozoan species from specific habitats and/or geographical areas, especially neglected sectors such as northern Africa and the Aegean-Levantine seas; 4) recent taxonomic papers, including revisions and new reports from the Mediterranean and beyond; 5) taxonomic papers introducing new genera and families which better accommodate existing Mediterranean taxa; 6) papers on Cenozoic faunas with notes on Recent species; and 7) papers on non-indigenous species. Additional information comes from personal unpublished data and on-going research in the Sicily Channel and Sardinia (AR & EDM) and selected Aegean sites (Gerovasileiou & Rosso, in prep.) . The complete list of checked references not directly cited in the text is given in Appendix 1.
Bryozoan species present in the Mediterranean Sea are listed in Table 1 using the systematic order of families proposed by Bock & Gordon (2013) , integrated with the listing of genera in the Bryozoa Homepage edited by Bock (bryozoa.net) and WoRMS (World Register of Marine Species) compiled by Bock & Gordon (2016) (http:// www.catalogueoflife.org/col/details/database/id/81).
All changes made to the species list of Rosso (2003) are indicated in Table 1 , including: 1) newly added species, genera and families; 2) names derived from new combinations; 3) addition of species following the splitting of species complexes; and 4) the status of non-indigenous bryozoans (NIB) in the Mediterranean Sea. Further remarks, numbered from 1 to 140 in Table 1 and included in Appendix 2, complement the species entry. Comments were omitted for all the entries previously discussed in Rosso et al. (2010a) . In cases where the genus is stipulated but the species is undetermined (e.g., Annectocyma sp.) the taxon is listed only if it is the unique occurrence of the genus, or if it is clearly distinct from established species, thoroughly described and figured (e.g., Stomatopora sp. sensu Harmelin, 1976) . Table 2 summarizes the relationships among taxa within the groups. Tables 3 and 4 are lists of species erected in old papers and lacking a comprehensive description and illustrations, subsequently reported only in reviews and checklists from the Adriatic Sea (Heller, 1867; Hincks, 1886; Novosel & Požar-Domac, 2001 , and references therein), the Aegean-Black Sea (Koçak & Aydin Önen, 2014 , and references therein) and the NW African area (Canu & Bassler, 1930; d'Hondt & Mascarell, 2004; . These species were not included in Table 1 because revision of the original material is needed to ascertain their validity. Table 5 lists the species present in Rosso (2003) but missing in the current compilation, with comments and references supporting their exclusion. To compare previous and current estimates of Mediterranean bryodiversity, the figures reported in Rosso (2003) were corrected, adding overlooked species and removing others because they were mistakenly believed to live in the Mediterranean. Figures were also corrected to consider subspecies as distinct taxa. A further comparison was made with data available from the literature for wellinvestigated geographical areas and the global ocean. The diversity of bryozoans in selected Mediterranean habitats is also shown using plots.
Results

Present-day bryodiversity in the Mediterranean Sea
The present-day Mediterranean bryozoan fauna numbers 556 species in 212 genera and 93 families (Tabs 1, 2). They mostly belong to Gymnolaemata, comprising 481 species (86.5%), 186 genera (87.7%) and 82 families (88.2%). Cheilostomatida account for the greater part of this diversity, dominating at species level with 424 species (76.3%) (Figs 1, 2 ). This figure is slightly lower at genus level (159 genera, 75.0%) and especially at family level (64 families, 68.8%) . Cheilostomatida outnumbers both Cyclostomatida (unique living representatives of the Stenolaemata), which include 75 species (13.5%), 26 genera (12.3%) and 11 families (11.8%), and Ctenostomatida with only 57 species (10.2%), 27 genera (12.7%) and 18 families (19.4%). Table 2 and Figure 3 show that most of the bryodiversity is contained within a few families, whereas 28 families, corresponding to 30% of the total, are represented by a single genus and a single species. This figure is particularly marked for cheilostomes (31% of families), but slightly lowers for cyclostomes and ctenostomes (nearly 27% and 28% of families, respectively). Two exceptionally species-rich cheilostome families (Phidoloporidae and Celleporidae), with 71 species, correspond to 12.8% of the total species diversity. These along with another four families -the cheilostome Bitectiporidae (29 spp.), Cribrilinidae (25 spp.) , Calloporidae (23 spp.) and Smittinidae (22 spp.) -represent 6.5% of the families but more than the 30.6% of the species. Four further families -the cyclostome Crisiidae (19 spp.) and the cheilostome Bugulidae (19 spp.) , Romancheinidae (19 spp.) and Candidae (18 spp.) -raise this figure to 10.8% of families and 44% of species.
The above-mentioned families also include the greatest number of genera (Tabs 1, 2). It is well known, for instance, that Calloporidae, one of the largest families with respect to generic diversity, is considered as a waste-bin for basal, paraphyletic neocheilostomes (Di Martino & Taylor, 2012) . With 66 species, calloporids are also the most speciose family in the New Zealand Exclusive Economic Zone . Mediterranean Calloporidae include 12 genera with 1-2 species each, exceptionally 4 (Copidozoum) or 5 (Callopora), totalling 23 species. Phidoloporidae and Celleporidae also have a high generic diversity, comprising 11 and 9 genera respectively, several of which are monospecific, while a few are exceptionally rich, such as the phidoloporid genera Reteporella (15 spp.) , Rhynchozoon (7 spp.) and Schizoretepora (5 spp.) , and the celleporid genera Celleporina (10 spp.) and Turbicellepora (10 spp.) .
The other species-rich families include some of the most species-rich genera: Bitectiporidae with Schizomavella (22 spp.) , Cribrilinidae with Puellina (18 spp.), Smittinidae with Parasmittina (8 spp.) and Smittina (7 spp.) , and Crisiidae with Crisia (15 spp.) accounting for most of their diversity. Additional species-rich genera are Disporella (9 spp.), Alcyonidium (8 spp.) , Schizoporella (10 spp.) , Escharella (9 spp.) and Microporella (8 spp.) . All of these genera are well known to be species-rich both in the Mediterranean (Rosso, 2003) and worldwide Table 1 . List of bryozoan species known living in the Mediterranean Sea to date. For each species the following information is reported (related columns are marked with a star): A = new additions after Rosso (2003) ; B = new taxonomic combinations; C = dismantling of species complexes or newly proposed synonymies; NIB = status of Νon-Ιndigenous Bryozoan. For some taxa, the numbers reported in 'Remarks' refer to the notes listed in Appendix 2.
Mediterranean Bryozoa
A B C NIB R (Calvet, 1902) Fenestrulina juani (continued) (e.g., Taylor & Mawatari, 2005; Tilbrook, 2006; bryozoa. net, accessed 16.2.2016) . A high generic diversity characterises also the ctenostome genus Amathia, presently including 13 species from the Mediterranean, contrasting with the 6 species reported by Rosso (2003) . This remarkable increase derives from the inclusion of species previously assigned to Bowerbankia and Zoobotryon (see Tab. 1, Appendix 2) in Amathia . Conversely, the revisions of Scrupocellaria by Vieira & Spencer Jones (2012) and Vieira et al. (2013a Vieira et al. ( , 2013b Vieira et al. ( , 2014a have lowered the number of Mediterranean species assigned to the genus to 6, compared with the 11 reported by Rosso (2003) . This is due to the resurrection of Licornia and the creation of two new genera, Cradoscrupocellaria and Scrupocaberea, into which respectively 2, 7 and 1 species from the Mediterranean have been transferred. A similar trend characterises Bugula, which declines from 16 to 3 species following the transfer of most of its Mediterranean species into Bugulina (9 spp.) and Crisularia (4 spp.) by Fehlauer-Ale et al. (2015) .
Celleporaria, absent in Rosso (2003), is now represented by 7 species all considered as non-indigenous. Ten genera, namely Tubulipora (6 spp.), Plagioecia (6 spp.), Haplopoma (6 spp.), Stephanotheca (6 spp.), Entalophoroecia (5 spp.), Patinella (5 spp.), Electra (5 spp.), Aetea (5 spp.), Callopora (5 spp.) and Watersipora (5 spp.), have intermediate diversities.
Nearly 50% of the genera found in the Mediterranean are monospecific, with the highest percentage for ctenostomes (56%), while cyclostomes and cheilostomes share similar values slightly over 46%.
Current versus previous estimates of Mediterranean bryodiversity
Compared to the previous compilation of Rosso (2003) , the total number of species has increased from 475 to 556. The 81 new entries mostly consist of newly erected species or derive from the revision of the material housed in the collections of the Natural History Museum, London and the Muséum National d'Histoire Naturelle, Paris, which has led to the identification of new species in some genera, as well as to the erection of new genera and the transfer of existing species to them. This is the case for the bitectiporid genus Schizomavella with the newly erected subgenus, Calvetomavella, and the mor- Hass, 1948 Reteporella grimaldii (Jullien & Calvet, 1903 (Gautier, 1962) Reteporella sparteli (Calvet, 1906 (Busk, 1884) 140 Schizoretepora longisetae (Canu & Bassler, 1928) Schizoretepora serratimargo (Hincks, 1886) * Schizoretepora solanderia (Risso, 1826) Schizotheca Hincks, 1877 Schizotheca fissa (Busk, 1856) Schizotheca tuberigera (Jullien & Calvet, 1903) Stephanollona Duvergier, 1920 Stephanollona armata (Hincks, 1861) Triphyllozoon Triphyllozoon hirsutum (Busk, 1884) phologically similar lanceoporid genus Stephanotheca . Nine new species were described as thriving exclusively in the Mediterranean or having a wider distribution including this basin (Tab. 1, Appendix 2). A large impact has been caused within the Candidae by the revision of Scrupocellaria (see above) and the description of four new species living in the Mediterranean. The same is true for Buffonellaria (Berning & Kukliński, 2008) , Therenia and Adeonella (Rosso & Novosel, 2010) . These revisions have led to the erection of new species and to the recognition of others still undescribed, as well as to questioning the presence of some species. Species new to science are also recognised in Schizoporella (Chimenz , Microporella (AR & EDM, unpublished data), and other taxa left in open nomenclature (see Tab. 1). A single species was also described for Celleporina and Watersipora (Vieira et al., 2014b) . These species, although representing new entries for the present compilation, were all present in the Mediterranean at least since the time of their collection, often dating back to the beginning of the 20 th century or even the second half of the 19 th century. New collections, essentially made during the last decade, have added mainly non-indigenous species (Tab. 1, Fig. 4 , Appendix 2). Sampling efforts in the Levantine Sea have allowed the assessment of biodiversity along the coasts of Israel and Lebanon Harmelin et al., 2016; Sokolover et al., 2016) , establishing the first Mediterranean records for several species known from the Red Sea and the Indian Ocean and subordinately from other regions. Interestingly, most of the non-indigenous species belong to a few genera. With seven species, Celleporaria is the most diverse, followed by Parasmittina (3 spp.), Microporella (2 spp.), and Proboscina, Conopeum, Akatopora, Smittina, Scorpionidipora, Mucropetraliella and Predanophora with one species each Harmelin et al., 2016; Sokolover et al., 2016) . Mostly localised in the eastern sector (Koçak, 2007; Zenetos et al., 2012; Harmelin et al., 2016) , a few species have wider distributions throughout the Mediterranean, such as Celleporaria brunnea (see Lodola et al., 2015) and Smittina nitidissima (see Rosso et al., in press ). In contrast, single species, such as Watersipora arcuata, have been reported as non-indigenous bryozoans (NIBs) exclusively from other Mediterranean regions (Ferrario et al., 2015) . Subordinate, but numerous, are NIB additions consisting of new species erected for specimens from the Mediterranean but considered native to other seas. Almost all NIBs are from the Levantine Sea and include Parasmittina serruloides and P. spondylicola, Celleporina bitari, Microporella browni, Trematooecia mikeli and Schizoretepora hassi among others (Harmelin et al., 2007 (Harmelin et al., , 2011 ; Harme- Schizellozoon granulosum Never reported after its introduction, it is considered as an invalid species in Bryozone (accessed 12.2.2016) .
Schizopodrella elliptica
This species has been allocated in Schizoporella by Gautier (1962) and in Schizomavella by . Zabala (1986) stated that this species and the following two might be synonyms with other species. 
Schizopodrella erectorostris
Schismopora truncatorostris
Reported exclusively by within the genus Celleporina although usually allocated in Turbicellepora in Bock (www.bryozoa.net) and WoRMS (accessed 12.2.2016).
C. Species erected by O'Donoghue & de Watteville (1939)
Vibracellina mediterranea Both are considered as valid species, but the descriptions and drawings provided by the authors are insufficient to discriminate these species from similar ones. The revision of the type material is critical to ascertain their current validity. Schizomavella alexandriae Table 4 . List of questionable reports of bryozoan species from the Mediterranean in 'old' papers and subsequently in modern compilations. The validity of all these species and/or their presence in the Mediterranean needs verification. A. Species listed in Novosel & Požar-Domac (2001) from the Adriatic Sea based on records from taxonomists and ecologists working between the second part of the 19 th and the first part of the 20 th centuries. Some of these species were erected based on Eocene material and have already been considered as unidentifiable by Novosel & Požar-Domac (2001) . Grube (1861), Lorenz (1863), Brusina (1907 ), Friedl (1918 , Vatova (1928) , Kolosvári (1943) , Gamulin-Brida et al. (1968) , Zavodnik & Zavodnik (1982; 1984) and Seneš (1988a; (Lamarck, 1816) in Heller (1867) and Friedl (1918) Aetea truncata forma pygmaea Hincks, 1886 in Friedl (1918) Amphiblestrum solidum (Packard, 1863) in Friedl (1918) Bowerbankia pustulosa var. biserialis (Hincks, 1887) in Friedl (1918) Carbasea pusilla (Hincks, 1887) in Friedl (1918) and Vatova (1928) Cellaria avicularia Pallas, 1766 in Grube (1861) Chorizopora brongniartii var. punctata Friedl, 1917 in Friedl (1918 and Vatova (1928) Cribrilina annulata (O. Fabricius, 1870) in Heller (1867) Cribrilina cribrosa var. perforata Friedl, 1917 in Friedl (1918 and Vatova (1928) Crisiella producta (Smitt, 1865) in Kolοsvári (1943) and Brusina (1907) Cycloporella costata (MacGillivray, 1869) in Brusina (1907) Dendrobeania murrayana (Bean, in Johnston, 1847) in Friedl (1918) Discopora verrucosa Esper, 1794 in Friedl (1918 Reteporella beaniana (King, 1846) in Gamulin-Brida et al. (1968) , Zavodnik & Zavodnik (1982 , 1984 and Seneš (1988a Seneš ( , b, 1989 ) Schizoporella atrofusca (Busk, 1856) in Hincks (1886) Siniopelta costata (MacGillivray, 1868) in Friedl (1918) Stomatopora repens (Wood, 1844) in Brusina (1907) Tubulipora foraminulata Lamarck, 1816 in Lorenz (1863) B. Species reported by Koçak & Ayden Önen (2014) Amathia citrina (Hincks, 1877) in Ünsal (1975) , known from the N Atlantic and the North Sea Aplousina gigantea Canu & Bassler, 1927 in Pinar (1974 , known from the W Atlantic, Florida (Winston, 2005) and the Gulf of Mexico (Winston & Maturo, 2009) Buskea billardi (Calvet, 1906) in Ünsal & d'Hondt (1978 -79) , Atlantic deep-water species (Harmelin & d'Hondt, 1992 ) Cellepora birostrata Canu & Bassler, 1928 in Ünsal (1975) Celleporina costata (MacGillivray, 1869) in Ostroumoff (1896), reported from SE Australia (e.g., Gordon et al., 2009) Corbulipora tubulifera (Hincks, 1881) in Ostroumoff (1896), species known from SE Australia (Bock & Cook, 2001 ) Idmidronea bidenkapi (Kluge, 1955) in Aslan Cihangir (2007) Mecynoecia proboscidea (Milne-Edwards, 1838) in Ostroumoff (1896)
Margaretta buski Harmer, 1957 in Ünsal (1975) , species known from the W Atlantic, Florida (Winston, 2005) and Gulf of Mexico (Winston & Maturo, 2009 ) Onychocella antiqua (Busk, 1858) in Ünsal (1975) , reported from Madeira (Norman, 1909 ) Stomacrustula sinuosa (Busk, 1860) in Ünsal (1975) Tubulipora biserialis Canu & Bassler, 1925 in Ünsal (1975 , species with a boreo-arctic distribution (e.g., Winston & Hayward, 2012) Tubulipora flabellaris (O.Fabricius, 1780) in Ünsal (1975) , species with a northern distribution (Harmelin, 1976) In cases where the genus is stipulated but the species is undetermined, without the authors providing any formal description and/or figures, the taxon has been removed from the list (except when it is a unique occurrence of the genus).
Lichenopora sp. Lichenopora sp. nov. Eucratea sp. Terminoflustra sp. Schizomavella sp. Calyptotheca sp.
Tubulipora phalangea Couch, 1844
Removed because of its boreo-arctic distribution (Hayward & Ryland, 1999) . The Mediterranean T. liliacea develops similar characters, becoming pretty undistinguishable (Harmelin, 1976) .
Crisia kerguelensis Busk, 1876
Removed because of its Indian Ocean distribution (Harmelin, 1990) .
Crisia occidentalis Trask, 1857
Replaced by Crisia eburnea harmelini d 'Hondt, 1988 .
Paludicella articulata (Ehrenberg, 1831) Removed because restricted to freshwater habitats (Hayward, 1985) . See Rosso et al. (2010a) .
Cribrilina punctata (Hassall, 1841)
Reported dubitatively by Gautier (1962) , it has a boreal geographical distribution (Hayward & Ryland, 1998) . The misidentification with Collarina balzaci is likely, owing to their superficial similarities. Puellina (Cribrilaria) cf. arrecta Bishop & Househam, 1987 in Zabala & Maluquer (1988 A new species, Puellina mickelae Harmelin, 2006, has been erected for this taxon. Arístegui, 1985 Originally described from the Canary Islands, and later reported from off Cadiz, it is absent from the Mediterranean (Harmelin & d'Hondt, 1993 (Norman, 1869) Single questioned record in Gautier (1962) .
Adeonellopsis multiporosa
Schizomavella marsupifera (Busk, 1884)
The unique record in Gautier (1962) 
seems to refer to Hippoporina lineolifera (Hincks, 1886) following Hayward & McKinney (2002).
Cylindroporella tubulosa (Norman, 1868) The unique record of this species in Laubier (1966) is questioned owing to its boreo-arctic distribution, see also Zabala & Maluquer (1988) . Stephanotheca ochracea (Hincks, 1862) See Reverter-Gil et al. (2012 .
Buffonellaria divergens (Smitt, 1873) Restricted to the western Atlantic (see Berning & Kukliński, 2008) , Mediterranean occurrences need revision. They may potentially belong to one of the species already described by the authors or are new to science.
Hippoporella hippopus (Smitt, 1868) Restricted to the British Isles in the eastern Atlantic (Hayward & Ryland, 1999) , and to the Gulf of Maine in the western Atlantic (Winston & Hayward, 2012) . Koçak & Ayden Önen (2014) refer to the single questionable record of Ünsal (1975) . Hagiosynodos kirchenpaueri kirchenpaueri (Heller, 1867) See comments in Rosso et al. (2010a) . Hagiosynodos kirchenpaueri tregoubovii Gautier, 1962 See comments in Rosso et al. (2010a) .
(continued) lin 2014; Sokolover et al., 2016) . In contrast, Catenicella paradoxa was erected from material from the Ionian Sea (Rosso, 2009a) and later reported exclusively from this region (Rosso et al., in press ).
Further new additions are species that were previously known from the Mediterranean basin but only as fossils. For example, the cyclostome Crisia tenella longinodata, a deep-water taxon erected for Pleistocene material from Southern Italy (Rosso, 1998) , was later discovered in submerged Holocene assemblages from the Ionian Sea (Rosso et al., 2010b) , and finally found alive at nearly 300 m depth in the Bari Canyon, Adriatic Sea . The cheilostome Gemellipora sp. cf. eburnea was reported (as Gemellipora eburnea Smitt) from Pleistocene outcrops (Rosso, 2005a) and Late Holocene submarine sediments (Di Geronimo et al., 2001) , while another cheilostome Sertulipora guttata was found in Early Pleistocene submerged sediments (Rosso, 1990, as Cheilonella sp.) . Both of these species are alive today in the Ionian Sea (Rosso et al., in prep.) . Another cheilostome, Neolagenipora collaris, previously reported from restricted sectors of the NE Atlantic, was found in deep-water settings of the Cap de Creus shelf in the north-western Mediterranean . The species was known as a skeletobiont in Early Pleistocene shell lags in Sicily (Rosso, 2005b; Rosso & Sanfilippo, 2005) . The finding of Hemicyclopora collarina in French caves (Harmelin, 2003) represents the first record of this fossil species, previously known from outside the Mediterranean area.
Proportions of bryozoan higher taxa: comparisons with previous Mediterranean and global data
The proportions of the three bryozoan orders, based on the present compilation, generally fit with the figures of previous checklists (Fig. 1) . Compared to Harmelin (1992) , there is a slight decrease in ctenostomes (10.2% vs 11.0%), mostly counterbalanced by an increase in cyclostomes (13.5% vs 12.6%), while cheilostomes (76.3% vs 76.4%) remain more or less equal. These figures were slightly different in Rosso (2003) , with cheilostomes falling around two percent (74.6%) compensated by cyclostomes (14.1%). The proportions are even more dissimilar if compared to the global figures (Bock & Gordon, 2013) , with cheilostomes standing at 85.1%, followed by cyclostomes at 9.4% and ctenostomes at only 5.5% (Fig.  2) . The Mediterranean bryozoan fauna represents about 9.6% of global bryozoan diversity (or slightly less, 9.4%, considering data reported in Appeltans et al., 2012) . The Mediterranean cheilostome fauna represents 8.6% of the global value, while Mediterranean cyclostomes represent 13.8% of global cyclostome diversity, and ctenostomes account for 17.9% of global diversity. Harmelin (1992) and later Rosso (2003) explained the high incidence of cyclostomes as probably related to the intensive investigation of the group in the Mediterranean. The same may apply for ctenostomes. It is likely that the proportions of the orders may be biased by the different research efforts in time and space, with ctenostomes and cyclostomes often less investigated than cheilostomes. Gordon et al. (2009) , for instance, noted a significant increase in the percentage of cyclostomes when adding undescribed species to the data, rising from 6% to 18%.
Taxa removed from Rosso (2003)
Rhynchozoon revelatus Hayward & McKinney, 2002 Junior synonym of Dentiporella sardonica (Waters, 1879), see Souto et al. (2010b) .
Paludicella articulata removed. Porelloides Hayward, 1979 Species now assigned to Porella. Cosciniopsis Canu & Bassler, 1927 Species now assigned to Hippopodina. Cylindroporella Hincks, 1877
Cylindroporella tubulosa (Norman, 1868) removed. Cribrilina Gray, 1848 Species now assigned to Distansescharella. Schedocleidochasma Species now assigned to Plesiocleidochasma. Families Diastoporidae Gregory, 1899
Desmeplagioecia now in Plagioeciidae. Filisparsidae Borg, 1944 Unaccepted, junior synonym of Oncousoeciidae. Paludicellidae Allman, 1885
Paludicella articulata removed. Terebriporidae d'Orbigny, 1847
Terebripora orbignyana now in Immergentia. Adeonellidae Gregory, 1893
Now considered as synonymous of Adeonidae Busk, 1884.
Calescharidae Cook & Bock, 2001 Displacement of Coronellina in Microporidae, see Souto et al. (2014) . Escharellidae Levinsen, 1909 Combined in the Romancheinidae. Exochellidae Bassler, 1935 Gigantoporidae Bassler, 1935 Cosciniopsis and Cylindroporella removed. Lepraliellidae Vigneaux, 1949 Hagiosynodos now in Hippoporidridae.
Fig. 1:
A. Comparison of the total number of bryozoan species in the Mediterranean (including cyclostomes, ctenostomes and cheilostomes) from Harmelin (1992) , Rosso (2003) and the present paper. B and C compare data from Rosso (2003) and the present paper for genera and families, respectively.
Fig. 2:
Comparison of the total number of bryozoan species (A-B) genera (C-D) and families (E-F) (including cyclostomes, ctenostomes and cheilostomes), from the Mediterranean (present paper) and the global oceans as reported in Bock & Gordon (2013) . Plots report percentages (left) and the total numbers of species, genera and families (right).
The proportions among orders (Fig. 2) are similar at generic level, although there is a slight increase in ctenostomes (from 10% at species level to 13% at genus level) and a decrease in cheilostomes (from nearly 76% to 75%). The proportions change more at family level with the ctenostomes exceeding 19% and the cheilostomes dropping to about 69%. Fig. 3 : Plots of Mediterranean bryozoan families (including cyclostomes, ctenostomes and cheilostomes) based on the number of genera and species they contain (from data reported in Table 2 ). 
Distribution of bryodiversity among selected bryozoanrich habitats
Information on bryozoan diversity within habitats is scarce and scattered through a restricted number of papers that aim to characterize specific associations (e.g., Laubier, 1966; Harmelin, 1976; Rosso, 1996; Rosso et al., 2013a and references therein; Di Martino & Taylor, 2014 and reference therein). We combined information from general lists published in these and other papers with the preliminary data available from ongoing research projects (see Fig. 5 and references therein). The results show that the richest bryozoan diversity pertains in the Coralligenous (219 spp.) and the Dark and Semi-Dark cave (GO-GSO) (220 spp.) biocoenoses (Figs 5, 6 ). Both habitats are particularly suitable for bryozoans, being characterised by the availability of a permanent hard substratum to be colonised, the presence of large-to small-sized cavities and crevices offering a wide range of microhabitats and diminished light, counterbalanced by a certain degree of confinement and consequent depletion in oxygen and food, as well as sediment smothering (see Harmelin, 1986 Harmelin, , 1997 Harmelin, , 2000 Rosso et al., 2012a Rosso et al., , 2013b . Similar microhabitats are also offered by small hard substrata on detritic bottoms (see Harmelin, 1976) . Considering the soft bottoms of the outer-shelf to the upper-slope (60-300 m deep) as a whole, the bryozoan association is diverse, totalling 189 species, some of which are shared with the above-mentioned habitats while some others are adapted to colonize directly heterometric, usually bioclastic bottoms or are restricted to specific depth ranges (Harmelin, 1976; Rosso, 1996; . Bryodiversity decreases markedly when considering only the Coastal Detritic Biocoenosis (DC), declining to 92 species, 90% of which are shared with the other detritic associations.
Intermediate levels of bryodiversity are found in the shallow-water biocoenoses of the Infralittoral Algae (134 spp.) and the Posidonia meadows (152 spp.). Both biocoenoses offer ephemeral, laminar-to-filamentous, highly flexible substrata consisting of plant bodies, increased shading from the illuminated leaf tips to the relative darkness of the stems, rhizoids or rhizomes, and a decreasing in the typically multidirectional hydrodynamic energy for which small encrusters and erect flexible species are specifically adapted (Rosso et al., submitted) , from 0 to about 30-35 m depth.
The lowest bryodiversity is associated with deepwater corals, with only 61 species, mainly represented by small-sized encrusters (Rosso et al., 2010b) , currently reported in the depth range of 180-750 m. This habitat is characterised by complete darkness, long-lasting hard substrata provided by exposed coral skeletons, coral rubble and occasionally by firm-and hardgrounds (Rosso et al., 2010b) , a relatively stable temperature throughout the year, moderate siltation, locally low to moderate energy because of unidirectional currents responsible for oxygen and food supply, and possible starvation periods, with some exceptions for canyon-related sites.
Cheilostomes tend to dominate in all of these habitats ( Figs 5, 6 ), accounting for four-fifths of each association, but they decrease to less than 74% in vegetated bottoms where a higher proportion of ctenostomes (more than the 6% and 11% of species in HP and AP, respectively) is present compared to other habitats. Lacking a mineralised skeleton, ctenostomes are particularly adapted for the colonisation of soft and flexible algal thalli and Posidonia leaves in high-energy environments. Some species have been described as obligate 'epiphytes' (i.e. Martino & Taylor (2014) ; Cystoseira communities in the AP = Campisi (1973) , Galluzzo (1993) , Nicoletti et al. (1996) , Novosel et al. (2004) and Rosso et al. (submitted) ; C = , AR (unpublished data) and lists given by Laubier (1966) and Ballesteros (2006) ; DC = Rosso (1996) ; undifferentiated deep-water detritic associations (DDA) = Harmelin (1976) , Rosso (1996) , Madurell et al. (2013) and ; CB = , Mastrototaro et al. (2010) always growing on living plant substrates) by Hayward & Ryland (1999) . In contrast, ctenostomes are decidedly subordinate in all other habitats, with values usually lower than the 2%, except for the GO-GSO group of biocoenoses where they reach 4.5%, possibly linked to special microenvironments offered by some sponges. Cyclostomes are present with values ranging from the 16.4% to 19.7%, except for the DC in which they account for nearly the 12%.
Non-Indigenous Bryozoans (NIBs) in the Mediterranean Sea
Ten percent of species (59 out of 556 spp.) living today in the Mediterranean Sea are considered NIBs, although some of them only tentatively (e.g., ?Proboscina boryi). Species that have been reported only once in past decades were omitted from the present compilation (see Appendix 2) because they are considered as accidentally present for a limited period of time. Most NIBs are cheilostomes (53 spp. in 33 genera), while only a few are ctenostomes (5 spp. in 4 genera), and a single species is a cyclostome. Some genera, among which Celleporaria, Stylopoma and Thalamoporella, are represented in the Mediterranean only by NIBs.
Several Mediterranean NIBs have been interpreted as cryptic species whose origin/provenance remains to be ascertained . Among NIBs, some are now considered established (e.g., Arachnoidella protecta) and others pseudoindigenous (e.g., Amathia verticillata in . However, a better understanding of their taxonomic status, as well as their natural range and effect of climate change on geographical distributions (i.e. their northward shift in the northern hemisphere) is needed. The number of NIBs has increased remarkably since the last update by Zenetos et al. (2012) , which listed 31 species, a figure that included only three of the 27 NIBs recently reported from the Levantine Sea . The introduction of NIBs into the Mediterranean is mainly linked to shipping (mostly through hull fouling and ballast waters), corridors, aquaculture, and also natural and anthropogenic drifting (Watts et al., 1998; Zenetos et al., 2012; Harmelin et al., 2016 and references therein) . Looking at the data reported above, the importance of the Suez Canal as the main route for the so-called 'lessepsian' migrants is evident. These NIBS are native to the Indian or the Pacific oceans and are usually restricted to the Levantine coasts with a few exceptions that are more widespread in the Mediterranean. Most have not been reported from the Red Sea (see Harmelin et al., 2016) , possibly because of the scant information available on bryozoans from this region. Analogously, knowledge of bryozoans inhabiting shelf settings of the Atlantic off north Africa is remarkably poor.
Discussion
The increase in the Mediterranean bryozoan diversity by 81 species (accounting for about 15% of the total) since Rosso (2003) is essentially based on the revision of species complexes using Scanning Electron Microscopy (SEM). The use of the SEM as a standard tool and its even greater availability has allowed the redescription of early described species, with improved appreciation of diagnostic morphological characters, including smallscale details difficult to resolve using optical microscopy (Taylor, 1990) , enabling the discrimination of cryptic species. SEM study is, for instance, necessary for all the taxa reported in Table 3 and 4, pending the localisation of the type material, in order to clarify their validity. This examination may drive a further increase in the number of species recorded in the Mediterranean.
Based on the present compilation, Mediterranean bryodiversity accounts for about 10% of global bryozoan diversity, a figure that agrees with the figure obtained for the Mediterranean biota as a whole, confirming the currently accepted idea that the Mediterranean Sea makes up a significant percentage of global biodiversity in relation to its limited surface and volume (Bianchi & Morri, 2000) . The high diversity of the Mediterranean can be reasonably explained by the interplay of: 1) the deep knowledge acquired during more than two centuries of investigation, and 2) the complex geological evolution of the basin and the story of its colonisation, including exchanges with the Indo-Pacific and Atlantic realms at its eastern and western ends, respectively (Di Geronimo, 1990; Harmelin & d'Hondt, 1992; Taviani, 2002 Taviani, , 2003 . Accordingly, the present-day fauna includes: 1) endemic taxa; 2) species of tropical Indo-Pacific affinity, pointing to the origination of the Mediterranean Sea from the closure of the Mesozoic Tethys Ocean; 3) species with a wide Atlantic-Mediterranean distribution, including cold/cool or warm/temperate species introduced during Quaternary glacial and interglacial phases, respectively; 4) widespread taxa now progressively split; 5) new colonisers, largely represented by Νon-Ιndigenous Species, introduced by human activities and, subordinately, as a consequence of the global climatic change and tropicalization of the Mediterranean that has favoured the expansion of warm-water species.
Mediterranean bryozoan diversity is high when compared with other regions of the globe, such as the southwestern Atlantic (López Gappa, 2000, reporting 246 spp.), but low compared to others. Gordon et al. (2009) , for instance, reported 953 species for New Zealand, one of the best-investigated regions in recent times. Interestingly, a relevant component of this biodiversity relates to deep-sea habitats, including seamounts and ridges, from which a large number of new species and higher taxa have been described (Gordon & Taylor, 2010; Gordon, 2014) .
Although Mediterranean deep-water habitats are known as relatively depleted in macrofaunal species, new bryozoans are being discovered in these still poorly investigated habitats Rosso et al., in prep.) , as predicted by Rosso (2003) . Danovaro et al. (2010) estimated that 76% of the Mediterranean macrofauna living between 200 and 4000 m is still undescribed. Extensive deep-water Mediterranean regions are still completely unexplored, or are known only for the coldwater coral communities inhabiting them (Danovaro et al., 2010, fig. 1 ; Taviani et al., 2011) , but still unexplored for bryozoans. This is the case for the Tyrrhenian Sea and its seamounts, potentially highly suitable for bryozoan colonisation and diversification.
Further additions are expected also from specific regions, mostly from the eastern sector including the Adriatic, the Aegean and the Levantine seas, as recently shown by new species reported from restricted areas and depth horizons (see Harmelin et al., 2016; Sokolover et al., 2016; AR, pers. obs.) . A rapid and more consistent increase in bryozoan species might be supplied by NIBs, and specifically by lessepsian migrants, entering the Mediterranean through the Suez Canal, as foreseen by Galil (2007) , Zenetos et al. (2012) and . Their transit may be facilitated by the enlargement of the channel completed in 2015 with the consequent rise of shipping traffic, as feared by Galil et al. (2015) and Harmelin et al. (2016) . Although often largely recognisable, it is expected that this component will change and impact local biodiversity to a certain extent.
Our data on Mediterranean bryozoan diversity is, however, still highly biased by the differences in knowledge among orders, regions and habitats. The awareness of these wide gaps, combined with the evidence that only 6 new species per year (including NIBs) have been documented from the basin in the last decade, raise the question about the 'real' total figure we may expect.
The expected global diversity of bryozoans, estimated after the description of 2800-5200 estimated undiscovered species based on both morphological and molecular data (Gordon & Bock in Appeltans et al., 2012) ranges from 8700 to 11,100 species. Assuming a proportional contribution of the Mediterranean component to global diversity, an increase of about 280-500 species might be expected, leading to 850-1050 Mediterranean species in total. This evaluation roughly parallels >1000 bryozoan species estimated for the Japanese region by Scholz et al. (2007) and 1200 species for New Zealand reported by Gordon et al. (2009) . At the present rate of description and recording of new taxa, the time needed to fill the gap is several decades. This is a challenging schedule taking into ac-count the few taxonomists presently involved in the study of living bryozoans. An effort would be desirable from all countries bordering the Mediterranean to contribute their own data to the mapping of the biosphere in the next 50 years, as recommended by Wheeler et al. (2012) . However, this time span far exceeds 2020, the deadline fixed by the European Union (EU) to achieve the Good Environmental Status for marine habitats. As the main goal of the habitat directive of the Marine Strategy is the conservation of biological diversity at species, habitat and ecosystem levels (see Katsanevakis et al., 2011, among others) , including protection against the impact of non indigenous species (see Zenetos et al., 2012) , a faster achievement of a fairly complete knowledge of the biodiversity, including bryozoans, will help individual countries and the EU to better organize and implement the ecosystem-based marine spatial management for the Mediterranean. public of Panama. Smithsonian Tropical Research Institute,pers. comm.). This species also includes Electra cf. tenella of Rosso (2003) . Hayward, 2001 : this species has been recorded from Israel by Sokolover et al. (2016) , and considered as a NIB for the Mediterranean. (Canu, 1928) : Nitscheina pulchella Canu & Bassler (1930) from Tunisia is likely to be the same species, based on d 'Hondt & Mascarell (2004) . Nikulina, 2007 : the type species of this genus is the Mediterranean Electra crustulenta (Pallas, 1766).
Conopeum ponticum
Conopeum seurati
Einhornia
32. Electra repiachovi Ostroumoff, 1886: the entry of this species is based on the Turkish records of Koçak & Aydin Önen (2014) and references therein.
33. Pyripora sp. sensu Hayward & McKinney, 2002: although left in open nomenclature, the authors clearly stated the separation of this species from P. catenularia (Hayward & McKinney, 2002: p. 16 ). Adriatic specimens differ in having longer caudae and a proximolateral rather than distolateral budding, and in the absence of a well developed cryptocystal rim around the opesia.
34. Thalamoporella Hincks, 1887: based on the present-day warm-water distribution, all the species of this genus may be considered as NIBs in the Mediterranean, although considered Thalamoporella harmelini Soule, Soule & Chaney, 1999 as cryptogenic. 35. Thalamoporella sp. sensu this species is introduced for specimens from Lebanon similar to T. rozieri (Audouin, 1826) in the shape and size of the ovicell but which differs in the shape of the orifice and tubercles.
36. Allantopora Lang, 1914: this genus replaces Daisyella, erroneously reported in Rosso (2003) for Callopora minuta (Harmelin, 1973) , following Rosso & Taylor (2002) . Gordon, 1984: this genus is added because of the displacement of Crassimarginatella maderensis (Waters, 1898) in Corbulella as already stated in Gordon (1984) . (Marcus, 1937 and Harmelin et al. (2016) recorded this species from Lebanon and considered it as a NIB in the Mediterranean.
Corbulella
Akatopora leucocypha
39. Cymuloporidae Winston & Vieira, 2013: this family is erected to accommodate the genus Crepis Jullien, 1882, besides Cymulopora Winston & Håkansson, 1986 . Both genera are distinguished from the Microporidae, in which they were previously placed, in having uniserial colonies, a cauda and an extensive cryptocyst.
